Background-In patients with non-ST-elevation acute coronary syndrome, any troponin elevation is associated with an increased risk for cardiovascular events. However, the prevalence and prognostic importance of persistent troponin elevation in stabilized patients after an episode of non-ST-elevation acute coronary syndrome are unknown and were therefore assessed in this study. Methods and Results-Cardiac troponin I (cTnI) was measured in 1092 stabilized patients at 6 weeks and 3 and 6 months after enrollment in the FRagmin and Fast Revascularization during InStability in Coronary artery disease (FRISC-II) trial. cTnI was analyzed with the Access AccuTnI assay with the application of different prognostic cutoffs. Outcomes were assessed through 5 years. Elevated cTnI levels Ͼ0.01 g/L were found in 48% of the study patients at 6 weeks, in 36% at 6 months, and in 26% at all 3 measurements. cTnI elevation was associated with increased age and other cardiovascular high-risk features. The lowest tested cTnI cutoff (0.01 g/L) was prognostically most useful and was independently predictive of mortality (hazard ratio, 2.1 [95% confidence interval, 1.3 to 3.3]; Pϭ0.001) on multivariable analysis adjusted for cardiovascular risk factors and randomization to an invasive versus noninvasive treatment strategy, whereas it was related to myocardial infarction only on univariate analysis. Conclusions-Persistent minor cTnI elevation can be detected frequently in patients stabilized after an episode of non-ST-elevation acute coronary syndrome with the use of a sensitive assay. Elevated cTnI levels Ͼ0.01 g/L predict mortality during long-term follow-up. Our results emphasize the importance of further troponin testing in non-ST-elevation acute coronary syndrome patients after hospital discharge.
S everal studies have demonstrated that in patients with non-ST-elevation acute coronary syndrome (ACS), any detectable cardiac troponin elevation is associated with an increased risk for adverse events. [1] [2] [3] Troponin elevations of prognostic significance are also known to occur in a number of nonischemic conditions 4 and have recently been described in general populations. 5, 6 However, it is unclear whether troponin elevation also can be detected in patients with stable coronary artery disease and, if so, whether this predicts an increased risk for cardiovascular events. We therefore performed this study to assess the prevalence and the prognostic importance of minor troponin elevation in a larger cohort of patients who were stabilized after an episode of ACS and followed up for 5 years.
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Methods
Patients and Study Design
This is a substudy of the FRagmin and Fast Revascularization during InStability in Coronary artery disease (FRISC-II) trial. 7, 8 In brief, this was a prospective multicenter study in which 3489 patients with non-ST-elevation ACS were randomized in a factorial design to an early invasive or noninvasive strategy and to 3-month treatment with dalteparin or placebo. Patients were eligible for study inclusion if they had symptoms of unstable coronary artery disease with objective signs of myocardial ischemia such as ECG changes (ST-segment depression Ն0.1 mV or T-wave inversion Ն0.1 mV) or elevated biochemical markers of myocardial necrosis. Patients with a history of previous open heart surgery, advanced age, or poor general health and those included after completion of patient recruitment to the invasive versus noninvasive arm were treated primarily noninvasively and randomized only with regard to 3-month treatment with dalteparin or placebo. In the invasive strategy, the aim was to perform coronary angiography and, if appropriate, revascularization within 7 days from admission. Patients randomized to the noninvasive arm underwent coronary angiography only in case of refractory or recurrent angina or if they showed signs of severe ischemia on a predischarge exercise test. Informed consent was obtained from all patients, and the protocol was approved by all local ethics committees.
Selected study centers participated in a blood sampling program at 6 (range, 4 to 7) weeks and 3 and 6 months after randomization. Cardiac troponin I (cTnI) was analyzed in all available samples. However, for the purpose of this study, only cTnI results in patients without an acute myocardial infarction (AMI) or a revascularization procedure during the preceding 14 days were considered.
Study End Points and Follow-Up
The study end points were total mortality and AMI. Patients were assessed for outcome by outpatient visits after 6 (range, 4 to 7) weeks and 3 and 6 months and by telephone contacts after 12 and 24 months. During the first 6 months, all reported events were adjudicated by an independent clinical events committee. Thereafter, information on events was based on investigator report forms, outpatient visits, or telephone contacts with the patients. After 24 months and up to 5 years after randomization, all information on events was based on the Swedish National Registry on Mortality and the Swedish National Acute Myocardial Infarction Registry. 8 This registry has been validated in a recent study on the correctness of AMI diagnosis. 9 Follow-up was completed in all patients included in the present analysis.
Laboratory Analysis
cTnI was measured in frozen (Ϫ70°C) samples of EDTA plasma with the Access AccuTnI assay (Beckman Coulter, Fullerton, Calif). For this assay, 99th percentiles of 0.04 g/L among apparently healthy subjects regardless of age and of 0.021 g/L for subjects aged Ͻ60 years have been described. 6, 10, 11 The lowest concentration measurable with this assay with a 10% coefficient of variation is 0.06 g/L. 10, 11 However, minor modifications have been introduced to the AccuTnI assay recently. A change of the manufacturing process combined with a slight increase in incubation time (36 seconds) has enhanced the signal-to-dose relationship, thereby providing a more robust assay at the low end of its range. Our validation of the modified assay confirmed this. We obtained an analytical sensitivity of 0.006 g/L (defined as the meanϩ2 SD of a buffer sample containing no cTnI; nϭ20). The imprecision profile of 839 duplicate samples showed 10% and 20% coefficient of variation values of 0.014 and 0.008 g/L, respectively. Measurements in previously not thawed duplicate cTnI samples (nϭ18) showed a correlation coefficient of 0.98 to samples used in the present analysis, indicating that no in vitro cTnI degradation processes had occurred during the time of storage.
Statistical Analysis
The following cTnI cutoffs were assessed in this study: cTnI Ͼ0.04 g/L, Ͼ0.02 g/L, and Ͼ0.01 g/L, which is in the range measurable with a coefficient of variation of 10% to 20%. The prevalence and prognostic importance of cTnI elevation relative to the respective cutoffs were evaluated (1) in all available samples at each measurement instance and (2) in patients with cTnI results available at all measurement instances. In the latter analyses, the patients were divided into subgroups according to cTnI levels over time, ie, negative cTnI at all measurements, elevated cTnI at 1 to 2 measurements ("temporary cTnI elevation"), and elevated cTnI at all measurements ("persistent cTnI elevation"). Because only first-time AMI after blood sampling was counted as an end point, all patients with an AMI between randomization and the respective measurements were excluded from analyses of this end point.
Continuous variables are described as medians and 25th and 75th percentiles. Categorical variables are expressed as frequencies and percentages. Differences between categorical variables were analyzed with the 2 test. Receiver operating characteristic curve analysis was applied to assess the prognostic value of cTnI levels during follow-up. Kaplan-Meier plots were used to illustrate the timing of events.
The prognostic importance of cTnI results at selected time points and of cTnI levels over time was analyzed by Cox proportional hazards analysis. Adjustment was made in a first model for age, gender, congestive heart failure, diabetes, creatinine clearance on admission, and treatment strategy. In a second model, results were adjusted additionally for a previous AMI, defined as a history of AMI before the index event, or elevated cardiac troponin T, applying a diagnostic cutoff of 0.035 g/L (10% coefficient of variation level) at randomization (Elecsys 2010, Roche Diagnostics, Mannheim, Germany). 11 In all tests, a probability value Ͻ0.05 was considered significant. All data analyses were performed by K.M.E., using the Statistical Package for Social Sciences (SPSS 12.0.1 and 14.0) software program (SPSS Inc, Chicago, Ill).
All authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results
Patient Characteristics
The study population consisted of 1092 patients. cTnI results at 6 weeks and 3 and 6 months were available in 1086, 1026, and 961 patients, respectively. According to the predefined requirements, 1072, 1017, and 953 patients, respectively, were eligible for analysis of the prevalence of cTnI elevation and of mortality. An AMI had been documented in 66, 75, and 88 patients before the measurements at 6 weeks and 3 and 6 months, respectively, leaving 1006, 942, and 864 patients eligible for analysis of the end point of AMI. A flow diagram illustrating the sample sizes is given in Figure 1 . cTnI results were available at all measurement instances in 898 patients. Of these, 823 patients were eligible for analysis of the end point of AMI.
In total, 546 patients were randomized to 3-month treatment with dalteparin and 546 to placebo. Four hundred fifty-three patients were randomized to the invasive strategy, 442 patients were randomized to the noninvasive strategy, and 197 patients were not randomized to invasive versus noninvasive strategy. The clinical characteristics of the study population are given in Table 1 . Patients not randomized to the invasive versus noninvasive strategy were older and had a higher prevalence of several cardiovascular risk features. Patients randomized to the invasive versus noninvasive strategies, in contrast, differed only in discharge medications of digitalis (Pϭ0.04) and long-acting nitrates (PϽ0.001).
cTnI Results
At 6 weeks after randomization, cTnI elevations Ͼ0.01 g/L, Ͼ0.02 g/L, and Ͼ0.04 g/L were found in 512 (48%), 230 (21%), and 107 patients (10%), respectively. The pattern of cTnI elevation over time is shown in Figure 2 . Three-hundred fifty patients (74%) with cTnI Ͼ0.01 g/L at 6 weeks also had cTnI levels Ͼ0.01 g/L at 3 months, whereas 121 patients (26%) with cTnI levels Ͼ0.01 g/L at 6 weeks had cTnI levels Յ0.01 g/L at 3 months. New cTnI elevation Ͼ0.01 g/L at this measurement was found in 81 patients (15%) with cTnI Յ0.01 g/L at 6 weeks. Of the patients with cTnI levels Ͼ0.01 g/L at 3 months, 270 patients (69%) also had cTnI Ͼ0.01 g/L at 6 months, whereas cTnI levels decreased to Յ0.01 g/L in 123 patients (31%), among whom were 41 of the 81 patients with new cTnI elevation Ͼ0.01 g/L at 3 months. New cTnI elevation Ͼ0.01 g/L at 6 months was found in 55 patients (11%).
In total, 377 patients (42%) had cTnI levels Յ0.01 g/L at all 3 measurements, 288 (32%) had temporary cTnI elevation Ͼ0.01 g/L, and 233 (26%) had persistent cTnI elevation Ͼ0.01 g/L. Six hundred thirty-two patients (70%) had cTnI levels Յ0.02 g/L at all measurements, whereas 207 (23%) and 59 patients (7%) had temporary and persistent cTnI elevation Ͼ0.02 g/L, respectively.
According to univariate analysis, cTnI elevation Ͼ0.01 g/L at any measurement was associated with higher age (PϽ0.001), male gender (PϽ0.02), hypertension (PϽ0.02), a previous AMI (PϽ0.005), and a discharge medication with angiotensin-converting enzyme inhibitors (PϽ0.005), diuretics (PϽ0.01), or digitalis (PϽ0.005). cTnI elevation Ͼ0.01 g/L was inversely related to a discharge medication with lipid-lowering drugs (PϽ0.05). These associations remained unchanged when a cTnI threshold of Ͼ0.02 g/L was considered. Anginal complaints were reported by 39%, 35%, and 33% of the patients at 6 (range, 4 to 7) weeks and 3 and 6 months, respectively, but were not significantly more common in patients with cTnI elevation at any of these follow-up instances (data not shown). Patients not randomized to the invasive versus noninvasive strategy had the highest prevalence of cTnI elevation (Figure 2 Values are expressed as n (%) unless otherwise indicated. ACE indicates angiotensin-converting enzyme. *P values refer to comparison between patient cohorts randomized and not randomized regarding the invasive versus noninvasive strategy.
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tion to either prolonged treatment with dalteparin versus placebo or to the invasive versus noninvasive strategy did not affect the prevalence of cTnI elevation at any measurement apart from results at 6 weeks (cTnI Ͼ0.01 g/L invasive versus noninvasive strategy: 52% versus 41%; Pϭ0.001).
Prognosis
Mortality
At 5-year follow-up, 106 patients (9.7%) had died. According to receiver operating characteristic curve analysis, cTnI was predictive for mortality, with areas under the curves of 0.63 (95% confidence interval [CI], 0.57 to 0.69), 0.65 (95% CI, 0.59 to 0.71), and 0.63 (95% CI, 0.56 to 0.70) at 6 weeks and 3 and 6 months, respectively. Mortality in relation to the tested cTnI cutoffs is shown in Additional adjustment for a previous AMI (model 2) did not affect these associations considerably (data not shown).
Myocardial Infarction
During 5-year follow-up, 258 patients (24%) suffered an AMI. The areas under the cTnI receiver operating characteristic curves for AMI were 0.58 (95% CI, 0.53 to 0.62), 0.59 (95% CI, 0.54 to 0.64), and 0.57 (95% CI, 0.51 to 0.63) at 6 weeks and 3 and 6 months, respectively. cTnI levels Ͼ0.01 g/L and Ͼ0.02 g/L, but not Ͼ0.04 g/L, were predictive for AMI in the univariate analysis (Table 2 ). However, on multiple Cox regression analysis (model 1), AMI was not independently related to either cTnI Ͼ0.01 g/L (HR, 1.4 Figure 2 . Prevalence of cTnI elevation at 6 weeks, 3 months, and 6 months. The percentage of patients with cTnI levels within the indicated range is shown in each bar. Non-inv. indicates noninvasive strategy; inv., invasive strategy; and not rand., patients not randomized to noninvasive vs invasive strategy. Values are expressed as n (%) unless otherwise indicated. P values refer to patient subgroups with and without marker elevation beyond indicated cutoff.
[95% CI, 0.9 to 2.1]; Pϭ0.10) or cTnI Ͼ0.02 g/L at 3 months (HR, 1.5 [95% CI, 1.0 to 2.4]; Pϭ0.08).
Prognostic Importance of Elevated cTnI Levels Over Time
As demonstrated in Table 3 , cTnI levels over time with application of the 0.01 g/L cutoff provided a better prognostication than cutoffs of 0.02 or 0.04 g/L. This cutoff allowed the stratification of patients into different risk groups, ie, patients with negative cTnI (Յ0.01 g/L) at all measurements and with temporary and persistent cTnI elevation Ͼ0.01 g/L (Figure 3) . Compared with patients with negative cTnI, the unadjusted HR for death at 5 years was 1.4 (95% CI, 0.7 to 2.7; Pϭ0.3) for patients with temporary cTnI elevation and 1.8 (95% CI, 1.3 to 2.4; PϽ0.001) for patients with persistent cTnI elevation. The HR for death among patients with persistent cTnI elevation remained significantly elevated when the analysis was adjusted according to model 1 (HR, 1.5 [95% CI, 1.1 to 2.0]; Pϭ0.01) and model 2 (HR, 1.4 [95% CI, 1.1 to 2.0]; Pϭ0.02). For the end point of AMI at 5 years, the unadjusted HRs were 1.2 (95% CI, 0.7 to 2.1; Pϭ0.61) for patients with temporary cTnI elevation and 1.3 (95% CI, 1.0 to 1.7; Pϭ0.09) for patients with persistent cTnI elevation compared with those with negative cTnI.
Discussion
In this substudy from the FRISC-II trial evaluating stabilized patients after an episode of ACS, we found a high prevalence of cTnI elevation over at least 6 months from the index event. Elevated cTnI levels occurred frequently in cohorts randomized to prolonged treatment with dalteparin or placebo and to an invasive or noninvasive strategy. Importantly, elevated cTnI levels were strong predictors of an increased mortality during 5-year follow-up.
Our results thus expand previous findings in ACS patients 1-3 because any detectable troponin level was also associated with an impaired prognosis in patients with stable coronary artery disease. However, because of the observational character of our study, at present we cannot provide explanations of causality. It may be suspected that cTnI elevation is caused by several factors. Higher age, male gender, and a higher prevalence of cardiovascular comorbidities, as found for the patient cohort not randomized to invasive versus noninvasive strategy, are conditions known to be associated with troponin positivity. 4, 5, [12] [13] [14] [15] [16] In these conditions, troponin elevation may be caused by increased demand ischemia or myocardial strain because of volume and pressure overload. 4, 15 These mechanisms have also been described as causes for detectable troponin levels both in patients with nonischemic pathologies such as severe heart failure, tachyarrhythmia, or pulmonary embolism 4, 15, 16 and in general populations. 5, 6 Apoptosis could be another explanation for measurable troponin levels in the long term after an ACS. In this condition, leakage of troponin and its degradation fragments to the blood stream is due to an ongoing disintegration of myofibrils. 17 Apoptotic processes persist for months after an AMI. 18, 19 Accordingly, an elevated rate of cTnI cleavage over several weeks after AMI has been demonstrated in animals. 20 Corresponding evidence in humans, however, is lacking to our knowledge. One could also speculate that some of the temporary elevations of cTnI might be caused by clinically silent coronary plaque fissures with thrombus formation and downstream embolization. This would translate into an increased risk of AMI. However, the prognostic relevance of this association appears to be limited because cTnI positivity was not independently related to AMI during long-term follow-up.
Our study is consistent with results from Zethelius et al, 6 who evaluated an elderly general population using the 99th percentile of the original AccuTnI assay (cTnI Ն0.04 g/L) as cutoff. In that study, cTnI elevation was found in 3.7% of the participants, increasing to 29% when a cutoff of Ն0.021 g/L was applied. In our study, 4.8% of the patients had cTnI levels at 6 months above the 99th percentile of 0.04 g/L, and 7.6% had cTnI Ͼ0.02 g/L. The obvious discrepancy in the prevalence of cTnI elevation Ͼ0.02 g/L between our and the aforementioned study may depend on population characteristics because slightly older patients and only men, known to have a higher prevalence of small cTnI elevation, were included in the study by Zethelius et al. Furthermore, the poorer analytical precision of the original AccuTnI assay at Values are expressed as n (%). cTnI negative indicates cTnI below the indicated cutoff at all measurements; temporary cTnI elevation, cTnI above the indicated cutoff at 1-2 measurements; and persistent cTnI elevation, cTnI above the indicated cutoff at all measurements.
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Persistent Troponin Elevation After ACS levels of Ϸ0.02 g/L 10,11 might also explain part of the diverging results. Because of the improved analytical performance of the modified AccuTnI assay, we were able to reliably detect small cTnI elevation below commonly used cutoffs (ie, cTnI 0.011 to 0.02 g/L) in a substantial proportion of our study patients. From a prognostic perspective, cTnI 0.01 g/L as cutoff performed at least as well as the previously described 99th percentiles. In view of these results, the question of how to define "troponin elevation" needs to be addressed. Usually, the 99th percentile in healthy reference populations is applied as threshold. 21 However, according to the findings from our and other studies, even measurable troponin levels well below the 99th percentile are prognostically relevant. 14, 22, 23 Thus, for identification of high-risk patients, we suggest that troponin elevation should be defined by analytical issues (ie, the lowest reliably measurable concentration rather than distribution characteristics such as the 99th percentile).
Our findings evoke questions about current treatment and follow-up routines for patients with ischemic heart disease. Considering the high prognostic importance of minor cTnI elevation, we would emphasize the value of repetitive troponin testing during follow-up after an ACS, further cautious investigation, and at least intensive secondary preventive measures in g/L at all measurements; temporary cTnI elevation, cTnI Ն0.01 g/L at 1 to 2 measurements; and persistent cTnI elevation, cTnI Ն0.01 g/L at all measurements. Probability value for mortality Ͻ0.001 (log rank); probability value for AMIϭ0.27 (log rank). patients found to be cTnI positive. Even for patients with stable coronary artery disease, troponin testing using sensitive assays might be valuable to identify high-risk individuals. These issues, however, remain to be evaluated further in prospective trials.
The high rate of persistent cTnI elevation in our patients without evidence of an ongoing or a recent ACS raises further questions about the definition of AMI with the use of very low troponin cutoffs. When our results are considered, a considerable risk exists for misdiagnosis of AMI in patients with nonischemic chest pain when assessment is based only on troponin results. It is therefore important to emphasize that for fulfillment of the diagnosis of AMI in patients with chest pain, a significant rise and/or fall of serially measured troponin results should be observed, preferably in combination with other indicators of ongoing myocardial damage (eg, ECG changes). 21
Limitations
All patients with an AMI during follow-up but before cTnI measurement were excluded for analyses related to AMI as a study end point because the FRISC-II database was originally designed to register only first-time AMI. It is therefore possible that our results are biased because the patients eligible for this analysis might have been healthier than those being excluded. cTnI was not measured with the current assay in samples obtained at randomization during the index event. However, troponin results from that measurement were only used to assess the impact of an AMI at index hospitalization on the prognostic value of continuing cTnI elevation. For this aim, we regarded the available troponin T results applying an established cutoff for defining AMI as an adequate substitute.
Conclusion
We have for the first time demonstrated that minor cTnI elevation is frequent in patients stabilized after a period of ACS and that any detectable cTnI level is associated with increased long-term mortality. Repetitive troponin testing in stabilized ACS patients after discharge appears to be useful for the identification of patients at risk.
